SUMMARY: A molecular epidemiological survey was conducted to identify the tick-borne disease agents Anaplasma phagocytophilum and Borrelia burgdorferi sensu lato in Selenge Province, Mongolia. The survey was in response to a suspected A. phagocytophilum infection in a patient. In 2012, a total of 129 questing Ixodes persulcatus adult ticks were sampled by flagging vegetation. A. phagocytophilum and Borrelia spp. were detected by PCR, targeting the 16S rDNA (rrs) and 5S-23S intergenic spacer region, respectively. Infection rates for A. phagocytophilum and B. burgdorferi sensu lato spp. were 6.2z and 55.0z, respectively. Six of the 129 ticks (4.9z) were coinfected with A. phagocytophilum and B. burgdorferi sensu lato. Among Borrelia spp., the highest prevalence rate was that for B. garinii 20047 type (26.3z), followed by B. afzelii (7.8z) and B. garinii NT29 type (7.0z). Furthermore, ticks were detected that were dually infected with B. afzelii and B. garinii 20047 type (7.8z) and B. garinii NT29 and 20047 types (6.2z).
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Human granulocytic anaplasmosis (HGA) is an emerging tick-borne rickettsial disease caused by the intracellular bacteria Anaplasma phagocytophilum (1,2). It was recognized as a pathogen of cattle, sheep, and goats in Europe (3). In 1992, A. phagocytophilum was recognized as a human pathogen in the United States (4). Another tick-borne disease with public health importance in Europe, North America, and Far-East Asia is Lyme borreliosis caused by the Borrelia burgdorferi sensu lato genospecies (5, 6) . B. burgdorferi sensu lato are classified into 19 species, including non-validated species (7, 8) . A. phagocytophilum and B. burgdorferi sensu lato have been detected from the tick Ixodes persulcatus in China, Russia, Korea, and Japan (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) .
Borrelia spp. have been isolated or detected in I. persulcatus collected in Mongolia (19, 20) . We identified a patient suspected of being infected with A. phagocytophilum, an HGA agent, in Selenge Province, Mongolia (unpublished result). Seroepidemiological examination has suggested the presence of A. phagocytophilum in Mongolia (21) . However, investigations of A. phagocytophilum in vector ticks have not yet been conducted. Therefore, the aim of the present study was to investigate the existence and infection rate of A. phagocytophilum and B. burgdorferi sensu lato in I. persulcatus collected in Mongolia.
Questing adult I. persulcatus ticks (62 males and 67 females) were collected using a flannel flag in June 2012 from vegetation around Honin Nugam of Selenge Province, where the suspected HGA patient was found. Other tick species were not captured during the survey. Selenge Province is situated in north-eastern Mongolia (499 N and 1069 E, Fig. 1 ) with a cold climate, and it is dominated by deep forests of larch and birch.
Total DNA was isolated from whole-tick tissues using the QuickGene-800 Nucleic-acid Isolation System (Kurabo, Osaka, Japan). To detect specific DNA of Anaplasma spp., the 16S rRNA gene (rrs) was amplified using the primer set EC9 and EC12A (11) in the first PCR step. Nested PCR was performed using two primer sets: forward primer Abpp and reveres primer AP-R, specific to Anaplasma bovis, A. phagocytophilum, and Anaplasma platys and forward primer Acom and reverse primer AP-R specific to Anaplasma centrale, Anaplasma ovis, and Anaplasma marginale, as described previously (22) . The nested PCR amplicons were purified using the Microcon-PCR purification column (Millipore, Bedford, Mass., USA) and then subjected to DNA cycle-sequencing analysis using the BigDye Terminator v3.1 cycle sequencing kit (Applied Biosystems, Foster City, Calif., USA) with an ABI 3130-Avant Genetic Analyzer (Applied Biosystems). Phylogenetic analysis of the sequence was performed using the ClustalW algorithm with MegAlign sequence analysis software (DNASTAR Inc., Madison, Wis., USA).
To detect the B. burgdorferi sensu lato spp., in the first PCR step, a 5S-23S rDNA intergenic spacer (IGS) was amplified with the primer set RIS1 and RIS2 corresponding to the 3? end of 5S rDNA (rrf) and the 5? end of 23S rDNA (rrl), respectively (23, 24) . The inner primer set RIS3, 5?-GGA GAG TAG GTT ATT GCC AGG-3? and RIS4, 5?-GAC TCT TAT TAC TTT GAC C-3?, which amplifies approximately 200 bp of DNA, was used for the nested PCR. Identification of the B. burgdorferi sensu lato spp. was performed by restriction fragment length polymorphism analysis using the restriction enzymes MseI and DraI as described previously (23, 24) .
DNA extracted from 129 questing adult I. persulcatus ticks was PCR-amplified to identify A. phagocytophilum and B. burgdorferi sensu lato isolates (Table 1) . The eight rrs amplicons that were obtained were confirmed as having an A. phagocytophilum origin by sequence analysis (Fig. 2) . The prevalence rates of Anaplasma (rrs) and Borrelia (IGS) were 6.2z (8/129) and 55z (71/129), respectively. Six of the 129 ticks (4.9z) were coinfected with A. phagocytophilum and Borrelia spp. The infection rate of A. phagocytophilum was similar to that reported in northeastern China (9,10), western Siberia, and the Russian Far East (14, 15) . On the other hand, the prevalence rate of Borrelia spp. was relatively higher than that reported in China (10) and western Siberia (14) . Borrelia garinii NT29 type (multilocus sequence typing [MLST] STgroup B [25] ) and Borrelia afzelii are frequently harbored by rodents, whereas B. garinii (MLST ST-group A [25] ) are found in birds. The infection rate and dominance of Borrelia spp. may be influenced by reservoir animals that inhabit a certain area.
The rrs sequences of eight PCR-positive ticks were 100z identical to each other and to the sequences found in other countries (Fig. 2) , particularly the type from HGA patients in the United States (AF093789 and CP000235). However, these sequences were different from those detected in wild deer (AB196720) and boars in Japan (11, 22) .
Among Borrelia spp., the most prevalent was B. garinii 20047 type (26.3z), followed by B. afzelii (7.8z) and B. garinii NT29 type (7.0z). Ticks were detected that were dually infected with B. afzelii and B. garinii 20047 type (7.8z) and B. garinii NT29 and 20047 types (6.2z). Infection of B. garinii 20047 and NT29 types (identical to B. bavariensis-like Borrelia [20] ) in I. persulcatus isolated from Mongolia were previously described by ospA sequencing analysis (19) and MLST (20) . Furthermore, we previously showed that I. persulcatus carrying B. afzelii and B. garinii 20047 and NT29 types, but not B. burgdorferi sensu stricto, were found among isolates from around Moscow, Russia, which is a sympatric region for both I. persulcatus and I. ricinus (26) . These results support previous findings.
In conclusion, we demonstrated that I. persulcatus ticks from Selenge Province, Mongolia carried dual infections of A. phagocytophilum and B. burgdorferi sensu lato. A. phagocytophilum sequences detected in this study were identical to those isolated from an HGA patient in the United States, suggesting a significant public health concern of anaplasmosis in Mongolia.
